Sensitivities of RIDTs have varied widely for the diagnosis of seasonal influenza. Few pediatric-specific data are available on RIDT performance for H1N1 2009 influenza A.
The recent 2009 H1N1 influenza A pandemic [1] [2] [3] reinforced the importance of diagnosing circulating influenza strains in a timely and accurate manner, important because morbidity and mortality have the potential to be ameliorated by judicious use of antiviral medications. 4, 5 The traditional reference standard for the diagnosis of influenza A virus infection has been viral culture. However, the current reference standard for the diagnosis of influenza A, including H1N1 2009, is real-time reverse-transcriptase polymerase chain reaction (rRT-PCR).
Commercially available rapid influenza diagnostic tests (RIDTs) offer the advantages of low cost, ease of use, and rapid turnaround time. 6 The RIDTs also have shown consistently high specificity for both seasonal (92%-100%) and H1N1 2009 (86%-100%) influenza A virus detection. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, the sensitivity of these assays has varied considerably for both seasonal influenza viruses (49%-95%) [6] [7] [8] [9] [10] and H1N1 2009 influenza A (10%-53%). [11] [12] [13] [14] [15] Furthermore, few data exist on the performance of RIDTs for detection of influenza A H1N1 2009 in children, with sensitivities ranging from 42% to 74%, 16, 17 and few data exist on the performance of these assays in clinical settings. We present here the results of a series of 3030 pediatric respiratory tract specimens in which RIDT, viral culture, and rRT-PCR were performed concurrently during the 2009 H1N1 outbreak. To the best of our knowledge, this is the largest series reported to date of a comparison of RIDT performance to 2 reference standards, viral culture and rRT-PCR, for the detection of influenza A H1N1 2009 in respiratory specimens from pediatric patients.
METHODS
Electronic records of respiratory specimen virologic tests were obtained from Texas Children's Hospital secondary data sources between May 21, 2009, and September 20, 2009 . During the study period all upper and lower respiratory tract specimens underwent testing by RIDT, viral culture, and rRT-PCR for influenza A with subtyping for H1N1 2009 and seasonal H1 and H3 influenza A. Samples for which all 3 assays were not performed were excluded from this study.
The performance of a commercially available RIDT, BinaxNOW influenza A and B test (Binax, Inc, Portland, ME), was evaluated by comparing it to the reference standards of rRT-PCR and viral culture. The Binax RIDT is an in vitro immunochromatographic assay that detects influenza nucleoprotein antigens. The RIDT was performed in a laboratory by trained virology technicians according to manufacturer instructions immediately after receipt of the specimen in the laboratory and within 2 hours of specimen collection from the patient. Quality-control measures included using internal-kit positive and negative controls as well as external laboratory controls for each test kit run within a 24-hour period.
After the RIDT was performed, all respiratory specimens were immediately split into 2 aliquots and sent for both rRT-PCR and viral culture. Specimens were inoculated onto 3 cell lines (human foreskin fibroblasts, human lung carcinoma [A549], and rhesus monkey kidney cell culture monolayers) to allow detection of influenza viruses types A and B, adenovirus, cytomegalovirus, herpes simplex virus, parainfluenza viruses, picornaviruses, and respiratory syncytial virus. Cell cultures were examined daily for 14 days under light microscopy. Viruses were identified by the presence of cytopathic effect or temperaturedependent hemadsorption phenomena by using guinea pig red blood cell suspension (performed on days 2, 5, and 14 of incubation). Virus identification was confirmed by using an immunofluorescence assay with commercially available virus-specific monoclonal antibodies.
A 1-step reverse-transcription, multiplex real-time PCR assay using 2 sets of TaqMan hydrolysis primers and probes was developed and validated in the Molecular Microbiology Laboratory at Texas Children's Hospital. The primer and probe set specific to the matrix gene (M) detects all subtypes of human influenza A. The primer and probe set specific to the hemagglutinin gene (swHA) of H1N1 2009 influenza A was used to subtype influenza A (2009 H1N1). For samples in which the matrix gene was detected and the swHA was not detected, further molecular subtyping was performed by using primers and probes specific to the hemagglutinin genes for seasonal H1 and H3 influenza. In brief, the primer and probe designs for Sensitivity, specificity, and likelihood ratios (LRs) (positive and negative) were estimated for the RIDT by using rRT-PCR and viral culture as the reference standards. SPSS 16 (SPSS, Inc, Chicago, IL) was used for statistical analysis. Institutional review board approval to conduct this study was obtained. (Table 1) . Using rRT-PCR and viral culture as the reference standards, the performance of the RIDT is shown in Tables 2 and 3 . Using rRT-PCR as the reference standard, overall sensitivity and specificity were 45% and 98.6%, respectively, and positive and negative LRs were 32.9 and 0.56, respectively. Given a pretest probability of 22.7%, the posttest probability of infection was 91% (95% confidence interval [CI]: 87%-93%) with a positive RIDT result and 14% (95% CI: 13%-15%) with a negative RIDT result. There were 10 specimens that tested positive by culture but negative by rRT-PCR, whereas there were 292 specimens that tested negative by culture but positive by rRT-PCR. 
RESULTS

From
DISCUSSION
The RIDT evaluated in this series of respiratory specimens obtained from pediatric patients showed suboptimal sensitivity but excellent specificity for the detection of H1N1 2009 influenza A virus infection. When compared with the performance of RIDTs in previous years for the detection of seasonal influenza A, 11-15 the sensitivity of the RIDT for H1N1 2009 influenza A virus was lower. These results, in the largest pediatric population yet studied, concur with the results of few existing studies of H1N1 diagnostics in children. 16, 17 Similar to reports of evaluations of the performance of RIDTs in previous influenza seasons, the highest sensitivity was seen for infants and children younger than 2 years of age, a group also known to be at higher risk of influenza complications. 19, 20 However, given the risk of concomitant serious bacterial infection, such as occult urinary tract infection 21, 22 or secondary bacterial pneumonia or bacteremia complicating influenza virus infection, 23 a positive influenza RIDT result should not preclude evaluation and treatment for other etiologies of fever in the young infant. Conversely, a negative RIDT result should not preclude initiation of empiric antiviral therapy in children at high risk.
RIDT sensitivity was higher for patients evaluated in the emergency department compared with those in most inpatient units (excluding bone marrow transplant unit), with performance being lowest in critical care unit patients. Viral load in respiratory secretions varies on the basis of where a patient is in the natural history of influenza infection, 24 and emergency department patients may have presented early in the clinical course, at a time when they had higher viral loads. In contrast, inpatients may have been screened later into their clinical presentation.
There was no significant difference noted in RIDT performance for specimens obtained via nasal swabs versus nasal washes. Because obtaining a nasal swab requires much less time and technical expertise and produces less potential for aerosol formation, it can be considered a viable alternative to nasal washes for the collection of respiratory specimens for detection of influenza A H1N1 2009 by RIDT, rRT-PCR, or viral culture. Care must be taken to obtain an adequate sample. The RIDT seemed to be more sensitive in lower respiratory tract isolates, but the small sample size precluded statistical evaluation.
Finally, we evaluated RIDT performance by using both rRT-PCR and viral culture as reference standards. There were limitations to this retrospective study. It was not possible to determine why some children had RIDTs requested and others did not. Furthermore, the guidance for clinical criteria for selection of patients for evaluation by RIDT evolved during the study period as national recommendations for screening and treatment changed. 26 Therefore, selection bias resulting from sample ascertainment is possible, and it is unclear what impact the selection bias would have made on the overall estimation of RIDT accuracy. However, it is possible that differences in testing patterns could have influenced the diagnostic accuracy between various patient locations. It also was not possible to determine how long children had had symptoms before obtaining specimens for RIDT, viral culture, and rRT-PCR. Potentially, children with Ͻ24 or 48 hours of symptoms might have increased viral antigen levels in respiratory tract secretions, increasing the sensitivity of the RIDT.
CONCLUSIONS
The RIDT displayed excellent specificity but relatively poor sensitivity for the 
